A Green's function calculation of the far-field radiation patterns of EMATs is presented. The approach is based on (a) closed form expressions for the eddy current and static magnetic field distributions, established by the EMATs, which react to produce the driving Lorentz forces, and (b) a Green's function derived from the steepest descent approximation to the far-field response of an arbitrary surface point force on a half space. Numerical results are presented, illustrating the radiation pattems of the three common EMAT designs. Included are vertically polarized shear waves as radiated by both meander coil and periodic magnet EMATs and horizontally polarized shear waves as radiated by the latter.
INTRODUCTION
Electromagnetic acoustic transducers (EMATs) have several features that are very useful in ultrasonic nondestructive evaluation (NDE). 0-9) These features include noncontact operation, which permits high speed inspection and inspection of hot parts such as welded plates, the ability to produce beams of easily controlled polarization (including especially horizontally polarized shear waves), and the production of a beam that can be electronically scanned in angle. The increasing importance of these properties for both materials science studies (e.g., residual stress, microstructure) and ultrasonic scattering NDE has made quantitative knowledge of their radiation patterns desirable.
Three-dimensional calculations of these radiation patterns in the far field are presented in this paper for three types of EMATs radiating into a half space. Two of the EMATs consist of periodically polarized magnets surrounded by solenoidal coils to produce, respectively, shear-horizontal (SH) and shear vertical (SV) bulk waves. The third consists of a 1Rockwell International Science Center, 1049 Camino dos Rios, Thousand Oaks, California 91360.
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uniformly polarized magnet and periodic meander coil, which produces SV bulk waves. The computations differ from earlier treatments o'2~ of EMAT radiation patterns in several respects. All three components of the surface tractions are calculated analytically from Maxwell's equations, based on the assumption that the magnets are uniformly magnetized and the current flows uniformly through the coil. The very important effects of nonuniformity in the fields and eddy currents in the metal are thereby explicitly included in the solutions to Maxwell's equations, making it possible later to obtain a quantitative measure of the modal purity of the generated wave. Second, these calculations are done for rectangular (rather than cylindrical (z~) EMATs. Third, the lateral (three-dimensional) variation of the EMAT beam is obtained.
The paper is divided into three major parts: the solution of Maxwell's equations to obtain the eddy current and static fields for the three types of EMATs, the calculation of the far-field response to an arbitrary (three-dimensional) point force on the surface of a half space, and the combination of these results to obtain the (nonpoint force) elastic wave radiation from the three types of EMAT. The point force response (Green's function) of the half space is ob-Pardee and Thompson tained analytically, as are the surface tractions, while the combination is evaluated numerically.
THE EMAT SURFACE TRACTIONS
The three types of EMAT considered here are illustrated in Fig. 1. In a convenient, although somewhat nonuniform terminology, the periodic magnet, longitudinal coil EMAT (upper left) will be referred to as the SH (because it generates SH waves), the periodic magnet, transverse coil (upper right) as the SV, and the single magnet, meander coil (which also generates SV waves) as the MC EMAT. The current loops for the periodic permanent magnet EMATs are schematically illustrated loosely wound, but are assumed to be tightly wrapped (uniform sheet) coil in the calculations below. The coordinate system used throughout this paper will be right-handed, with the EMAT centered under the origin (the elastic waves are generated in a metal occupying the half space z > 0), with the periodic variation (magnet or meander coil) along the x axis.
Calculation of Static Field
Consider first a single uniformly magnetized permanent magnet located at -L/2 <~ x <~ L/2, -w/2 <~ y~w/2, and -(s+h)<~z<~-s, as shown in Fig. 2 . The magnetic field is readily obtained from classical magnetostatics. Since the field is static, V ×H=0, and we can find H from a potential q~M, 
[8(z+s)-8(z+s+h)]x(x,y) (3)
where the characteristic function X has value unity within the rectangle described above and value zero 
